From our series1 2 cases may be briefly quoted as presenting atypical syndromes simulating multiple root involvement in each of which a single osteophyte has been responsible for the symptomatology and in which both the motor and sensory symptoms have been relieved by operation at a single level. First, that of Mrs. W. in whom X-rays produced evidence of osteophyte formation at C.5-6 interspace which produced compression of the 6th cervical nerve root. Pain radiation and numbness first involved the tips of all the fingers, later the area of sensory disturbance contracted to involve the index finger only, which was completely numb. The muscle weakness was marked and involved the adductor pollicis, triceps, and extensors of the wrist. The triceps-jerk was diminished.
Semmes and Murphy (1943) stressed that the degree of sensory loss in the index finger of patients with compression of C.7 radicular nerve was out of all proportion to that seen elsewhere from compression of a single nerve and claimed that in many persons the C.7 was almost entirely responsible for innervation of the index. There are other examples of sensory post-fixation in our series. Finally, a patient with osteophyte formation at C.5-6 interval on the right side only in whom pain and paresthesia in C.6 or 7 distribution of the right arm-one cannot say which-was associated with marked wasting of the small muscles of the hand, sparing the thenar eminence. Operation at C.5-6 level has not only led to relief of pain but also to the filling out of the wasted muscles, hence it is unnecessary to suggest the existence of two lesions. Wasting of the small muscles of the hand in association with a C.6 lesion cannot be explained on the basis of pre-or post-fixation, yet it is in keeping with certain of the older anatomical evidence in which it has been stated that the opponens pollicis is innervated from C.6; it is also in keeping with the findings recorded by Frykholm.
In conclusion, I wish to make every acknowledgment to Dr. James Bull and Dr. Frykholm, upon whose original observations this communication is founded. INTRODUCTION FROM the moment that the primitive streak and the neural groove make their appearance in the few-days-old embryo the possibilities of abnormality arising appear enormous, and in the elaborate differential cell growth that goes into the formation of the nervous system the wonder is that the pattern is so constantly maintained. It is for this reason that it would be wise to anticipate that abnormalities of cellular origin in the nervous system might declare themselves in a similar standardized pattern of varying degree.
Clinical experience has justified such an anticipation, for in the neural crest and closing neural groove we have a cell structure which often undergoes aberration or hesitation in the completion of its task. It is not in the flamboyant examples of spina bifida that I am interested, but in the more elaborate changes which form a pattern repeated under a variety of apparently diverse eventual pathology.
'The sensory loss, reflex change and muscle weakness observed in 20 cases was summarized in tabular form. This table is omitted owing to lack of space.
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As a clinician my interest in this subject was aroused by similarities in pathology, and although I shall begin with remarks on embryology the eventual picture is one made up of clinical observation and its integration with the accumulated knowledge of embryology.
EMBRYOLOGICAL FACrS
The neural groove and neural crests in the development of the nervous system have been well recognized since the last century, and for over fifty years the contribution of the neural crest cells to the sensory ganglia of the spinal cord has been well recognized. Indeed, the neural crest was named the "ganglion crest" (Fig. 1) .
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FIG. 1.-The dark shaded area represents the neural crest cells at varying stages of development, and in a case where closure of the neural crest was failing to occur.
A great deal of experimental work has been performed upon the neural crest and its derivatives, particularly just before the war and immediately afterwards. Most of this has been performed on amphibian embryos, but observations on the pig embryo and its similarity to the human embryo in this respect leave little doubt that the pattern of development of the nervous system is essentially a principle in development.
The neural crest may be truly looked upon as a primary organ which only exists in a recognizable state for a short period of time.
The clear definition of the three germinal layers made acceptance of any theory which suggested that apparent mesodermal structure could have an ectodermal origin untenable in many minds, but a vast amount of experimental work, headed by Harrison and Raven, has demonstrated the widespread dissemination throughout the body of cells of neural crest origin.
The experiments devised have been quite fascinating in themselves, and fall into the following main groups: The marking of cells of the neural crest and neural groove by vital stains, or by transplants of neural crests in different species so that the cell nuclei are of different size and therefore recognizable; other methods have been excision of areas of the developing nervous system to see the resulting defects and the transplant of developing neural crest areas into different parts of the same embryo body.
As a result of these experiments it has become clear that the neural crest cells give rise to, or are essential in the development of, the spinal ganglia and sensory ganglia of the cranial nerves, the sympathetic nervous system, the arachnoid and possibly the sheath of Schwann of peripheral nerves. In the cranium they are responsible for branchial cartilages and teeth, whilst the pigment of the retina and the body, including the actual pattern of pigmentation, is of crest origin. The cells of the neural crest appear not only to form certain structures but to act as inducers when-related to other cell masses in the production of a systematized structure. This is seen particularly in the neural crest cells relationship with the mesodermal somite of the body. The neural crest cell derivatives seem to have no segment relationship themselves, and are dependent upon the somites for their aggregation into segmental structures. This has been clearly demonstrated by the removal, or addition by graft, of somites in embryos.
CLINICAL FACTS
The first of the clinical facts in the pattern of pathology will be the dermal sinus in the mid-line of the back communicating with structures of the nervous system (Fig. 2) .
These sinuses almost always have some angioid pigmentation around them. This nevus, or "port wine stain", is due to hypertrophy of vascular elements in the pigment layer of the skin in which the peripheral nerves terminate. The pattern of these sinuses is constant; the point of termination and the tissues at the termination the only variants (Fig. 3 ).
It will be seen that the nevus has a relation to the point of primary ectodermal defect and not to any one dermatome, for these abnormalities may involve several.
Thus a sinus may terminate at the arachnoid, the central canal of the cord, in an elaborate dermoid structure, or an organized central bone peg in the neural arch structure causing splitting of the spinal cord. These abnormalities may occur at any level.
There is, therefore, a systematized pattern leading to dermoid, epidermoid and lipo-angiomatous tumours, and, of course, any of these may occur without leaving a tell-tale mark behind them on the skin surface. It is astonishing in operating on these abnormalities how constantly large and multiple blood vessels.are associated with these tracks and lipomata. It would seem, indeed, that vascular abnormalities follow closely in the wake of disturbances in neural crest closure. This is not surprising for the neural crest cells act continually not only as formers but as inducers of structures, particularly in the closely related mesoderm of the somites. (c) lipomatous mass; (D) lipoma and intramedullary dermoid without other abnormality.
So far we have dealt with undoubted congenital lesions in local areas, and now we must turn to the question of disturbances of the neural crest as a system. One example (not illustrated) was that of a man with widespread capillary nwevus of the skin, an angioma of the retina, pigmentation of the sclera, and a large benign melanoma in the right lateral fissure of his brain, which at the time of operation behaved like a meningioma. 33 599 This surely was an example of a system disturbance, no structure existed in this man's disease process which had not a neural crest origin. The neurofibromata and the syndrome of von Recklinghausen in its neural and vascular manifestations is another example.
The surgeon is familiar with the spinal neurofibromata being common in the posterior spinal compartment and arising from the posterior nerve roots. He is also familiar with the fact that intracranial neurofibromata occur only on the true cranial sensory nerves. We have seen that these nerves owe at least part, and probably a major part, of their origin to the neural crest. It is not always, however, that the histology of a tumour, apparently classical in its morphology, agrees with the surgeon's operative diagnosis, and the clear distinction between neurofibroma and meningioma is not always possible. This is particularly true of certain of the meningiomata occurring in the spinal canal, which I have accepted at operation as undoubted neurofibromata when they have no apparent attachment other than by a neurovascular pedicle to a nerve root, stating clearly that a typical neurofibroma was removed without difficulty and yet the histology shows it to be an angioblastic meningioma.
On the other hand, a similar tumour from the surgeon's point of view may well show a fairly typical histological appearance of hxmangioblastoma.
Still other tumours in their histology may show areas of meningioma, lipoma and undoubted hxmangioblastoma structures lying side by side. Here is an example of a patient who had an obvious cord compression syndrome in the upper dorsal region with an angioma over this area in the mid-line of her back (Fig. 4) . X-ray of her dorsal spine showed an apparently angiomatous condition of the vertebra spreading into the third rib in the portion which owes its origin in development to the costal element of the vertebra (Fig. 5) .
At operation there was a solid tumour in the extradural space intimately connected with the third dorsal root sheath, which was not difficult to remove completely, and histology showed it to be of such mixed variety as I have just described.
Histological sections of the tumour and decalcified bone removed showed the tumour to be of the hemangioma group consisting of an intricate network of dilated capillary spaces separated by collagenous stroma, some areas of which are lipomatous. UJndoubtedly this was a benign tumour, but whether an extradural hemangioblastoma or an angioblastic meningioma or even a hemangioma it is not possible to decide.
It is clear that in this case we see the changes in the skin reminiscent of those undoubted disturbances of the neural crest, a disturbance of bone which is derived from the somite so closely associated with the neural crest in this segment, and finally a tumour develops from the tissue in this area of a diverse vascular and meningeal origin. 3Section of Neurology One other example of tumour histologically similar to the one I have just described occurred intradurally beneath this sunray-like angioma of the skull (Fig. 6 ).
Although we might extend our thoughts to the varieties of meningiomata and compare those that calcify and ossify with the deposits found in the normal arachnoid it would be merely a deterioration into detail in this thesis of principle, as would be any description of the ganglioneuromas and neuroblastomas which occur within the spinal canal and in the paravertebral region, also the chemoreceptor tumours, all of which are of undoubted crest origin.
We have all seen angiomata of the spinal cord in which there has been a capillary nxvus. in the skin overlying an angioma in the vertebra, in the extradural space, and in the spinal cord. From what we have seen it is not surprising that this occurs, and the disturbance of the neural crest in a minor form may well determine the angiomata of the cord in their position and extent.
There is no doubt that the angiomata of the brain are essentially extracerebral tumours, and indeed, the surgeon at times has great difficulty in distinguishing between the frank angioma and the most angioblastic form of meningioma. 
CONCLUSION
We have seen a pattern of congenital anomaly repeated in some cases of tumour pathology. The repetition of this pattern, particularly in the spine, is too frequent to be a mere coincidence. The local pattern and the generalized system disturbance seen in the syndromes of von Recklinghausen and Lindau are indeed evidence of system disease. The association of angioma of the cord and hemangioblastoma of the cerebellum; of angioma and meningioma; of angioma and cystic cavitation of the cord, have all been reported; angioma, pigment disturbance and melanoma of the arachnoid I have demonstrated. The site of these tumours is constant, and probably the reason that congenital anomalies, angiomatous malformation, and certain of the tumours are more common caudally than cranially is because the neural crest of the forming brain closes at an earlier stage than the future spinal cord.
It is interesting that the human embryos with disturbances of neural crest closure which herald either a meningocele or an encephalocele, show not only a non-closure of the crests at the point where the abnormality is occurring, but an exuberant growth of all cell types at this point. So that already there is not only an aberration of hesitation in closure, but of cell growth as well.
It may be suggested that the widespread nature of congenital anomalies and tumours in the varying syndromes is but the result of some disturbances of the developing embryo at a given time. This, indeed, may be true, but if it is, it must be at the time when the neural crest cells are so active in their dissemination through the body that they bear the brunt of this upset.
The search for exactitude in tumour cell origin is perhaps of no great value; indeed, carried to extremes it is a hindrance to clear thought in clinical pathology. This has not been my aim, but I have tried to show a general pattern of pathology which makes the integration of varying anomalies and tumour formations more logical, and therefore more easily understood.
